It is generally accepted that the N-glycosidic linkages between GlcNAc and asparagine are more stable in mild alkaline conditions than are the 0-glycosidic linkages between the /?-hydroxy amino acids serine and threonine which are cleaved by a mechanism termed /?-elimination. However, Austen & Marshall (1974) , studying the stability of hen egg ovalbumin glycopeptides towards alkalis, concluded that 'the conditions described by Iyer & Carlson (1971) to split 0-glycosidic linkages (1 M-NaBH, in 0 . 0 5~-NaOH at 45"C, 16h) led to a slow degradation of GlcNAcasparagine linkages and that a clear distinction based on the lability under these conditions between the two types of linkages cannot always be made'. Moreover, the authors observed a slight N-deacetylation of the GlcNAc residues. However, they did not determine the rate of these cleavages. Simultaneously with these observations, Aminoff et al. (1974) estimated that approx. 10% of the N-linked chains of a, -acid glycoprotein were degraded under the Carlson conditions; this was estimated by measuring the incorporation of tritium from labelled sodium borohydride into glucosaminitol. At lOO"C, the breakdown of the N-glycosidic linkages was much more extensive and reached completion within 8 h. Moreover, according to the authors, the reaction was accompanied by extensive peeling of the carbohydrate chains.
More recently, Ogata & Lloyd (1981) presented the mild alkaline borohydride treatment as a method for releasing both N-and 0-linked glycans. Using 3H-labelled model asialoglycoproteins (fetuin, human serotransferrin and glycophorin) and applying the conditions described by Iyer & Carlson (1971) or those of Spiro & Bhoyroo (1974) , the authors concluded that up to 60% of the N-glycosidically linked carbohydrate chains could be released as reduced glycans. However, they did not determine the amount of Nacetylglucosaminitol formed. At the same time, Rasilo & Renkonen (198 1) also claimed that mild alkaline borohydrate treatment liberated N-acetylglucosamine-linked oligosaccharide chains from glycoproteins, but they did not determine the exact amount of N-acetylglucosaminitol formed.
The fact that we have never observed a substantial release of N-glycosidically linked glycans during our experiments using alkaline reductive treatment of various 0-and Nglycosylated proteins led us to re-examine the effects of alkalis using well-defined and weighable model glycoproteins of the N-acetyl-lactosamine type, i.e. human serotransferrin (bi-and tri-antennary glycans), lactotransferrin (fucosylated bi-antennary glycans) and aI -acid glycoprotein (chiefly tri-and tetra-antennary glycans).
The methods we used can be summarized as follows. The /?-elimination was performed according to Iyer & Carlson (1971) (see above) and Spiro & Bhoyroo (1974) [O.~M-NaBH, in O.1OM-NaOH at 37°C 68hl. The amount of Nacetylglucosaminitol formed was determined by g.1.c. (Zanetta et al., 1972) after methanolysis or hydrolysis of the compounds resulting from /?-elimination. These were purified in two ways: (i) desalting on Biogel P-2 columns equilibrated in water and hydrolysis (6M-trifluoroacetic acid, 4h, 100°C) of the sugar containing fractions; (ii) fractionation on Biogel P-6 columns equilibrated with water which gave a very broad elution profile reflecting the heterogeneity of the reaction products. The pooled sugar positive fractions were methanolysed (methanol/0.5 M-HCl, 24h, 80°C). Moreover, in order to characterize possible liberated reduced glycans, each sugar-containing fraction obtained was analysed by t.1.c. on Silica1 gel using a solvent system developed in the laboratory for the separation of the glycans liberated from N-glycosylproteins by hydrazinolysis and further re-N-acetylated and reduced by NaBH, (Bayard et al., 1979) . Finally, the N-de-acetylation of GlcNAc was achieved by the action of nitrous acid on the carbohydrate material obtained. This leads to the breakdown of the glucosaminyl linkage by the concomitant transformation of the glucosamine residues into 2,5-anhydromannose (2,s anhMan) and to the release of small oligosaccharides with a 2,s-anhMan residues in terminal position (Bayard & Montreuil, 1974) easily detectable in the t.1.c. system described above.
The results we obtained are as follows: (i) Table 1 gives the percentage of glycans released by alkaline treatment according to Iyer & Carlson (1971) and shows that this does not exceed 6%. The lower value obtained with lactotransferrin is due probably to the presence of a fucose residue substituting in C-6 position the GlcNAc residue N-linked to the peptide chain; this probably stabilizes the GlcNAc-asparagine linkage. The most exposed glycan linkages are those of the bi-antennary ones of serotransferrin, Presumably the tri-and tetraantennary glycans of a,-acid glycoprotein protect the GlcNAc-asparagine by steric hindrance. Alkali treatment performed in 'Spiro' conditions does not seem to release the N-linked chains. However, additional experiments are required with other model glycoproteins to confirm this observation.
(ii) N-De-acetylation of GlcNAc residues was not observed under the 'Carlson' or 'Spiro' conditions.
(iii) T.1.c. analysis of the products of alkaline attack of serotransferrin performed according to Iyer & Carlson (1971) shows the formation of numerous glycopeptides with variable molecular weight and the presence of very small amounts of compounds having the chromatographic behaviour of bi-antennary glycans liberated by hydrazinolysis and further re-N-acetylated and reduced.
On the basis of these results, we can conclude that only small amounts of N-glycosidic chains are released as reduced glycans during the alkali treatment of N-glycosylproteins under the classical conditions described by Iyer & Carlson (1971) and Spiro & Bhoyroo (1974) which ensure the complete release of 0-glycosidically linked glycans by a /?-elimination mechanism. In fact, the percentage of cleavage of N-glycosidic linkages varies from 0 to 6% depending on the glycan structure of the glycoprotein. The presence of a fucose residue joined to C-6 of the asparagineconjugated GlcNAc residue, as well as tri-and tetra-antennary glycans, seems to protect the GlcNAc-asparagine linkage. In addition, multiple cleavages of the peptidic bonds occur and short glycopeptides and/or glycoasparagines are formed which could give the same elution profile as the N-glycans themselves when analysed by gel filtration chromatography. This could be a source of error if the peptide moiety is labelled. In previous studies we have endeavoured to isolate from pig gastric mucus, in an as undegraded state as possible, a covalent glycoprotein entity that retains the gel-forming properties of the native mucus (Allen et al., 1976; Allen, 1978) . A glycoprotein of consistent chemical analysis, of 4,. ,33S and molecular weight 1V,,~-2.1 x lo6, MW-2.3x lo6 has been isolated after extraction in 0 . 2~-N a C l and equilibrium centrifugation in a CsCl density gradient (Starkey et al., 1974; Snary et al., 1974) . Reduction of the disulphide bridges in 0.2 M-mercaptoethanol, or proteolysis, dissociated the glycoprotein into subunits of s9,~,15-18S and Ms.D -5.2 x lo5 (Snary et al., 1970; Scawen & Allen, 1977) .
At concentrations of 50mg/ml (the concentration of glycoprotein in the native mucus) this isolated 33s glycoprotein showed the same rheological properties as the native mucus gel (Bell et al., 1982) . More recently, preparations of considerably higher molecular weight, 45 x lo6, have been isolated from pig gastric mucus in the presence of guanidinium chloride and proteinase inhibitors including di-isopropylphosphofluoridate (Carlstedt & Sheehan, 1983; Hutton et al., 1983) .
We have investigated the size heterogeneity of gastric mucous glycoprotein preparations extracted and fractionated, by equilibrium centrifugation in 3.5 M-cscl density gradients, in the following solutions: (1) extraction into 0.2~-NaCl (NaCl, CsCl); (2) extraction into 4M-guanidinum chloride (GuHCl, CsCl); (3) extraction into a mixture of the following proteinase inhibitors : 1 .OmM-phenylmethylsulphonyl fluoride, 100mM-wamino hexanoic acid, SmM-benzamidine HCl, 1 .Omg/l soya bean trypsin inhibitor, 1OmM-Na,EDTA and 0.05~-iodoacetate, pH6.5 (PI, CsCl) (Pearson & Mason, 1977) ; (4) extraction into di-isopropylphosphofluoridate, 6~-guanidinium chloride, 5 mM-Na, EDTA, 5mM-N-ethylmaleimide, pH 6.5 (DIPF, CsCl) (Carlstedt et al., 1983) .
Isolation of the gastric mucous glycoprotein by method (1) (NaCl, CsCl) gave a preparation that sedimented as a single peak of sq5,,29-33S and by low speed equilibrium sedimentation a molecular weight of 2.3 x lo6 was obtained, confirming previous studies. Preparations with similar characteristics were obtained whether or not thiol exchange was inhibited by the inclusion of iodoacetate in the original extraction mixture or whether extraction was performed at pH 8 or pH 6. Similarly, extraction by brief homogenization (1 min), by stirring for 15 h or by dialysis for 24 h also gave glycoprotein preparations with the same sedimentation characteristics. This showed that breakage of covalent bonds by shear was not a factor in the solubilization of the glycoprotein by homogenization, although the latter solubilized over 90% by wt. of the total glycoprotein, while stirring or dialysis solubilized between 25 and 75% by wt.
Preparations isolated by extraction of the glycoprotein into guanidinium chloride (including GuHCI, PI, CsCl and GuHCl, DIPF, CsCl) all gave heterogeneous material when analysed by sedimentation analysis (Table I) . A major peak with s9, , , values between 48s and 110s was always present together with slower sedimenting material, which in some cases could be measured and shown to have an s?,,, of 30-35s. These results were explicable from previous work which showed that following exposure to 4~-guanidinium chloride the 33 S glycoprotein aggregated to give a glycoproteinof 52s and M, -8.2 x lo6 (Snaryetal., 1974). On reduction with 0.2~~mercaptoethanoI the glycoproteins isolated in N-ethylmaleimide (GuHCl, DIPF, CsCl) or iodoacetate (in NaCl, CsCI) both gave single unimodal peaks of s'?,.,15S, the value for the reduced subunit of molecular weight 5 x lo5. This result would seem to eliminate the possibility of proteolysis activated by mercaptoethanol, which has been suggested as a mechanism for the reduction of bronchial mucous glycoprotein (Houdret et al., 1983) .
Extraction of glycoproteins by the solutions of proteinase inhibitors alone, (PI, CsCl or DIPF, CsCl) also resulted in glycoprotein preparations that were heterogeneous by sedimentation analysis (Table 1) . A very broad peak of sqS,,5& 60s was again observed, usually slower sedimenting material of about 33s was present and there was a loss of fast sedimenting material during the sedimentation run. These larger sized heterogenous glycoprotein preparations obtained following extraction in solvents containing guanidinium chloride and/or proteolytic inhibitors were considered to be non-covalent aggregates of the 33s glycopro-
